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The visual cortex of human observers changes its functionality in response to
visual deprivation (Boroojerdi et al., 2000). Behavioral studies have recently documented
enhanced tactile abilities following a short period of visual deprivation (Facchini &
Aglioti, 2003; Weisser, Stilla, Peltier, Hu, & Sathian, 2005). The current study
investigated the effects of visual deprivation on two unique tactile tasks. While Facchini
and Aglioti observed significant effects of visual deprivation, neither Wong, Hackeman,
Hurd, and Goldreich (2011) nor Merabet et al. (2008) observed these effects.
Corroborating these more recent results, no difference in grating orientation
discrimination performance was observed between the sighted and visually deprived
participants in the first experiment. A significant effect of experience was seen in both
groups, however, irrespective of the deprivation period of 90 minutes. The second
experiment immediately followed the conclusion of the first experiment. Using the same
stimuli and procedures from past experiments (Norman, Clayton, Norman, & Crabtree,
2008), it investigated the participants’ haptic discrimination of 3-dimensional object
shape. Again, no significant difference in performance was found between the sighted
and visually deprived participants. Together, the current results show that a brief period
of visual deprivation (1.5 hours) produces no significant behavioral changes for these
tactile and haptic tasks.

vi

Chapter 1
Introduction
If I were to ask you to imagine a superhero, you would inevitably think of
someone with extraordinary abilities. You might think of Superman with his ability to fly
or the Incredible Hulk with the strength to throw cars and leap buildings. Others may
picture a scrawny young adult shooting webs from his wrists or perhaps a rugged man
with claws and an equally rugged attitude. As kids, we would often pretend we had these
abilities, and we were the hero with super strength or the power to fly.
As we have aged, most of us have thought less and less about possessing these
extraordinary talents. We have lost the imagination of our youth and settled into our
everyday lives. It is ultimately through our sense organs, however, that we are given the
wonderful abilities that we do possess. Most of us overlook the vital role our senses play,
but they provide the essential link between our mind and the outside world. Before,
during, and after any behavior, we rely on each particular sense to gather and collect the
information we need. Imagine the Incredible Hulk becoming blinded by a powerful blow.
Without the use of sight to guide his attack, he is forced to confusedly run and hide (after
screaming angrily, of course).
When we consider our perceptual abilities, we should be thankful for what they
allow. A world without vision would be difficult, a world without smell and taste would
be bland, and a world without sound would be lonely. It is our sense of touch, however,
that is the focus of the current study, and a world without the sense of touch might be the
most difficult of all. The sense of touch provides our most direct contact with the world.
It plays a role in the grasping and identification of objects; it protects us by sensing
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temperature as well as the texture, toughness, and size of the things we manipulate.
Within our technological society, touch is becoming more and more engrained
into our day-to-day affairs. Touch reactive screens have appeared on our cellular
telephones, in our gas stations, and within our grocery store check-out lanes. Hospitals
and doctors’ offices utilize touch screens for various scans and x-rays, and telesurgeries
(using robotic and computer technology to perform surgery from a distance) have already
been performed safely across transoceanic distances (Marescaux et al., 2001).
In 1834, Ernst Weber published one of the earliest scientific investigations of the
sense of touch, aptly entitled: The Sense of Touch. He viewed the human body as a tool
used to interact with the world and had a deep interest in learning about its abilities and
limitations. Some of his early experiments evaluated what was known as a two-point
threshold. This measurement represents the amount of separation between two points that
is needed for a participant to accurately differentiate whether that part of the skin's
surface is being touched by two points or one point. Essentially, an adjustable compass
was applied to a particular area (i.e., the finger, the back, etc.) and was either separated
into two points or applied as a single point. Each participant was asked how many points
they felt and also asked to name the orientation of the spatial interval between the points
(i.e., are the points parallel or perpendicular with respect to your finger, back, etc.). In
these truly original scientific studies, Weber gave us surprising and fascinating answers
about our human ability to feel and decipher the world around us. On our back, for
example, two points must be separated by 60 mm before the average participant will
realize that he/she is being touched by two points rather than one (see also Weinstein,
1968). In contrast, for the fingers, 2-point thresholds could be as low as 2.3 mm.
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The two-point methodology invented by Weber has been repeatedly used over the
past 180 years to measure participants' tactile spatial acuity (e.g., Norman et al., 2006;
Zubek, Flye, & Aftanas, 1964). Recently however, scientists have identified potential
flaws in this methodology. One criticism concerns the application of the points. Many
scientists worry about the application of the two points and believe that even slightly
non-simultaneous contact could provide participants with a temporal cue. If a participant
could feel the two touches as successive (occurring one after the other), that would
inadvertently give the participant an unintended cue. A second criticism concerns the lack
of a stable criterion used by the participant when responding “one point” or “two points”.
While some individuals may answer “two” only when they clearly feel two points, other
participants may answer “two” at the first sign of doubt. With different individuals using
different judgment criteria, some scientists fear that this 2-point test is not entirely
objective. It has been suggested that this test may represent more of a subjective
“boundary” rather than an objective threshold (see Johnson & Phillips, 1981).
Subsequently, in 1994, Van Boven and Johnson published one of the first reports
using new stimuli and methodology to test our tactile spatial acuity. Beginning tactile
research anew, they measured grating orientation thresholds at the lip, tongue, and finger.
While Weber had asked participants to identify the number of points contacting their skin
on each trial, this new test applied a single stimulus (a tactile grating) on each trial. Each
grating consisted of a cylindrical shaft to be held by the experimenter and a rounded end
to be felt by the participant. This rounded end was shaped like a hemispherical dome, and
all gratings had the same diameter. The difference between each grating was the width of
the parallel grooves (and resulting ‘bars’) cut into the head of each dome. Each groove
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was cut so that each resulting bar (un-cut section) would also have the same width as
each groove. Covering the entire width of the dome, each grating was thus defined by a
series of alternating bars (un-cut dome) and grooves (cut dome) of equal widths (see
Figure 1). The smaller 0.5 mm grating represented bar widths and groove widths of 0.5
mm respectively and thus had many more bars and grooves spanning the width of the
dome than the 3.0 mm grating (see Figure 2). Similar to Weber’s original procedure, this
testing required each grating to be applied once at a time to each participant in one of two
orientations (e.g., grooves parallel or perpendicular with respect to a part of the body).
During each trial, the participant’s task was to identify the orientation of the grating as it
was applied to the skin (i.e., parallel or perpendicular to the long axis of the finger). At
the conclusion of each block of trials, calculations determined the groove width needed
for a participant to reliably discriminate the orientation of the tactile grating.
Since the introduction of the tactile gratings by Van Boven and Johnson (1994),
other authors have supported the grating orientation task as a valid and important
measure (Craig, 1999; Craig & Johnson, 2000; Gibson & Craig, 2002). The grating
orientation task has been used to measure tactile acuity in younger populations
(Bleyenheuft, Cols, Arnould, & Thonnard, 2006) and older populations (Norman,
Kappers, et al., 2011; Tremblay, Wong, Sanderson, & Cote, 2003) and has also been used
to study the effects of various long-term environmental and situational conditions. For
example, blind participants have been shown to possess superior tactile acuity (Norman
& Bartholomew, 2011; Van Boven, Hamilton, Kauffman, Keenan, & Pascual-Leone,
2000), and conversely, certain groups engaging in highly repetitive tactile tasks (such as
two hours a day of typing on a computer keyboard) have been shown to exhibit decreased
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Figure 1. Side view of a tactile grating illustrating the grooves
cut into the surface of the hemispherical dome.

5

Figure 2. Two of the tactile gratings used in the Experiment. The
left grating has a groove width of 3.0 mm, while the right grating
possesses a much smaller groove width of 0.5 mm.
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tactile acuity (Tremblay, Mireault, Letourneau, Pierrat, & Bourrassa, 2002).
While it may not be surprising to find that increased age and various other factors
(such as being blind) affect our tactile acuity, in 2003, Facchini and Aglioti described a
profound and exciting phenomenon. Building upon neurophysiological findings (see
Sathian, Zangaladze, Hoffman, & Grafton, 1997; Zangaladze, Epstein, Grafton, &
Sathian, 1999) and recent research in short-term visual deprivation (Boroojerdi et al.,
2000), Facchini and Aglioti discovered that tactile acuity could be influenced by a
relatively short period of visual deprivation in otherwise normal (i.e., sighted)
participants. During their experiment, participants engaged in the same grating
orientation discrimination task across three separate sessions. Session 1 was conducted as
an initial baseline test to measure each individual’s incoming acuity. At its conclusion,
the participants assigned to the deprivation group began their visual deprivation by
putting on a blindfold mask that eliminated all light. Session 2 followed 90 minutes later
for both groups (visually deprived and non-deprived) and followed the same procedure as
Session 1. After the second measurement of their tactile acuity, the deprived participants
removed their blindfolds and became re-exposed to light. All participants’ acuity was
then assessed for a third time (Session 3), 130 minutes after the conclusion of Session 2.
While the non-deprived group's tactile acuity did not change across the three sessions, the
deprived group's showed tactile acuity improved during Session 2 (the session during
which they were blindfolded). During Session 2 these deprived participants could feel
and correctly name the orientations of gratings with significantly smaller groove widths
than in Sessions 1 and 3. Not only did their tactile acuity return to its original
pre-deprivation level in Session 3 (after being re-exposed to light for 130 minutes), but
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their Session 2 thresholds were comparable to those observed in the congenitally blind
(Van Boven et al., 2000). With no significant changes occurring in the non-deprived
group, the results of Facchni and Aglioti suggested that the deprived participants’ acuity
had indeed been enhanced by the short period of visual deprivation preceding Session 2.
While Facchini and Aglioti’s (2003) results were surprising, this was not the first
instance of tactile changes resulting from a period of visual deprivation. In 1964, Zubek,
Flye, and Aftanas had also noticed tactile enhancements occurring in their much longer
visual deprivation experiment. After undergoing visual deprivation for seven days, their
blindfolded participants “showed a pronounced increase in tactual acuity of the palm” (p.
1592) as well as an increase in their sensitivity to heat and pain. Thus, while Zubek et
al.’s experiment incorporated a substantially longer deprivation period, the results of
Facchini and Aglioti were not without precedent.
In 2005, the relationship between short-term visual deprivation and our tactile
abilities were once again scientifically tested (Weisser, Stilla, Peltier, Hu, & Sathian,
2005). In this study, participants underwent two hours of visual deprivation before
engaging in two different behavioral tasks. In addition to evaluating the participants'
performance on the tasks, a functional magnetic resonance imaging (fMRI) brain scanner
recorded the neurophysiological activity taking place during the testing. The first task
required participants to discriminate between two unique two-dimensional stimuli (which
were shaped like upside down uppercase letters 'T' and 'V'). The second task tested
participants’ ability to detect a gap (1-4 mm wide) located at the center of an aluminum
bar. The results indicated that the deprived group not only showed different cortical
functioning than that of the controls, but that their accuracy on the tasks had increased as
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well. The deprived group was approximately five percent more accurate on the form
discrimination task and about nine percent more accurate on the gap detection task.
Physiologically, the differences between the two groups mostly occurred in the
intermediate levels of the hierarchy of visual shape processing. Areas such as V3A and
the ventral intraparietal sulcus (vIPS) were shown to be significantly less active in the
deprived group relative to those of the control group.
In 2008, Merabet et al. also examined the physiological changes occurring during
visual deprivation. Like the study of Weisser et al. (2005), participants were once again
placed within an fMRI brain scanner. Merabet et al., however, utilized a much longer
period of visual deprivation (5 days) and performed serial fMRI scans (on Day 1, Day 3,
Day 5, and Day 6). In addition, both groups (visually deprived and sighted) underwent an
“intensive tactile training program” on each of the 5 days between testing sessions
(including 4-6 hours of Braille reading, see p 2). In this study, the behavioral tasks
included the detection of von Frey hairs (see Weinstein, 1968), Braille character
discrimination (see Kauffman, Theoret, and Pascual-Leone, 2002), and the previously
discussed grating orientation discrimination task. Merabet et al. found that both groups
improved their performances on all three tasks. With respect to the effect of the
deprivation however, Braille character recognition was the only task for which the
blindfolded participants exhibited significantly greater improvement than the controls
(replicating the results of Kauffman et al's 2002 visual deprivation study using Braille
characters). While the deprived group did exhibit improvement for both the von Frey hair
task and the grating orientation discrimination task from day 1 to day 5, the increased
performance was not different from that observed in the sighted participants.
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In 2008, Wong et al. published an important study. Across three separate
experiments, these investigators found that a short period of visual deprivation does not
improve participant's performance on a grating orientation discrimination task. In
particular, their Experiment 3 was set up to replicate the experimental design used
previously by Facchini and Aglioti (2003). Unlike the results previously reported, Wong
et al. failed to find a significant difference in tactile acuity between sighted and
visually-deprived participants.
Short-term visual deprivation has been shown to enhance the identification of
two-dimensional tactile stimuli (Weisser et al., 2005), increase the ability to discriminate
Braille characters (Kauffman et al., 2002; Merabet et al., 2008), and reversibly enhance
tactile spatial acuity (Facchini & Aglioti, 2003). However, multiple investigations have
not consistently found that visual deprivation improves performance for the grating
orientation discrimination task (Facchini & Aglioti, 2003; Merabet et al., 2008; Wong et
al., 2011). More research is obviously needed. In particular, there is currently a clear
discrepancy between the results of Wong et al. and those of Facchini and Aglioti. The
first experiment in the current study was designed to address this issue. In Experiment 1,
the basic methods and procedures of Facchini and Aglioti were adopted in an attempt to
replicate their findings. The purpose of Experiment 1 was to determine whether 90
minutes of visual deprivation can indeed significantly increase tactile acuity beyond what
is typical for normally sighted adults.
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Chapter 2
Experiment 1
Method
Participants
The participants were all students at Western Kentucky University, with the
majority receiving course credit upon completion. There were 14 participants in each of
the two experimental groups providing a total of 28 individual participants. The sighted
group’s participants were aged between 20 and 22 years (mean age of 20.4 years), while
the blindfolded group’s ages ranged from 20 to 26 years (mean age of 21.2 years).
Experimental Stimuli
The blindfold was constructed from ski goggles, electrical tape, medical tape, and
soft black felt. Care was taken to ensure complete light deprivation, and participants were
instructed to notify the experimenter if they perceived any light throughout the duration
of the experiment. The ski goggles had an elastic band that was adjusted for each
participant’s comfort and allowed for a full range of ocular movements, such as the
opening and closing of eyelids.
The participants were tested one at a time and were not given any type of
feedback during the experiment. The task involved the use of seven individual tactile
gratings with groove widths of 0.5, 0.75, 1.0, 1.2, 1.5, 2.0, and 3.0 mm. A block of 40
trials was devoted to each groove width, with 20 gratings being applied parallel to the
long axis of the index finger and 20 gratings being applied perpendicular to the long axis
of the index finger. The order of grating orientations (parallel vs. perpendicular) was
randomly determined for each participant.
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Procedure
The experiment began by measuring each participant’s visual acuity. A standard
ETDRS eye chart (Precision Vision catalog number 2195) was used and placed 100 cm
from the participant. To ensure that only ‘normally sighted’ individuals participated, each
participant was required to obtain a minimum visual acuity that was equivalent to 20/25.
If the participant normally wore glasses or contact lenses, they were allowed to wear
these during testing. With the aid of corrective lenses (if needed), no participant failed to
achieve this criterion.
Following the measurement of visual acuity, each participant was seated in a quiet
room at a table behind a black visual occluder. Though allowed to keep their eyes open,
the participants could not see the gratings during testing nor could they see the gratings
prior to testing. Each individual was asked to place their dominant hand through the
occluder and rest their hand and wrist in a supine position on a raised part of the table.
Medical tape (sticky side out) was applied to this area of the table to immobilize the
participant’s finger and prevent it from moving.
The testing began with the 2.0 mm grating, and each subsequent block of trials
used gratings with progressively smaller groove widths. With approximately 2 to 3 mm
of skin displacement (Facchini & Aglioti, 2003; Van Boven et al., 2000), each grating
was manually applied to the distal pad of the participant’s index finger. Though a number
of previous experiments have used machine application (e.g., Goldreich & Kanics, 2003),
manual application has been validated as a viable and appropriate method of application
(Bleyenheuft & Thonnard, 2007). As each impression was made, the participants were
required to judge whether the bars and grooves were parallel or perpendicular to the
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long-axis of their finger. A few practice trials were given to all participants before the
onset of testing to ensure that they understood the task.
At the end of each block of 40 trials, a measure of perceptual sensitivity was
calculated (d’, see Macmillan & Creelman, 1991). This measure is derived from Signal
Detection Theory and is a measure of sensitivity that is independent of response biases.
If the participant attained a d' score above 1.35 (which corresponds to 75 percent correct),
the testing continued using the grating with the next smallest groove width. If the
participant was unable to attain a d' score above 1.35 in the initial block of testing (using
the 2.0 mm groove width), the session restarted using the 3.0 mm grating. Each testing
session ended following the first block where the participant scored below the 1.35
criterion. Two potential participants were unable to achieve a d’ equal to or greater than
1.35 using the 3.0 mm grating; because their thresholds could not be determined, the data
from these participants were not included in the study.
After the initial measurement of their tactile acuity, those participants assigned to
the visual deprivation group put on the specially designed blindfold. All participants
(whether deprived or non-deprived) then waited 90 minutes before proceeding to the
second measurement of their tactile acuity. During this time, the deprived group was
tested periodically (at onset, at the 30-minute mark, and at the 85-minute mark) to ensure
that the blindfold was producing full visual deprivation. To accomplish this, a 75-watt
incandescent light bulb in an otherwise darkened room was randomly turned on or off ten
times, and the participant was asked each time whether they believed the light was on or
off. Although both groups of participants were allowed to listen to music (through
speakers, but not headphones) during this 90 minute period, no participant was allowed to
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engage in any 'intensive tactile task'. Most participants simply engaged in conversation
for the majority of the time. At the end of this 1.5 hour period, all participants had their
tactile acuity measured a second time. The procedures previously described were
repeated, with the visually-deprived participants continuing to wear the blindfold
throughout their second testing session.
Results
Most importantly, no deprived participant reported the presence of light
throughout the experiment, and the blindfolded participants’ ability to detect the presence
or absence of light was not significantly different from chance (onset test: t(13) = 0.06, p
> .05; 30 minute test: t(13) = 1.51, p > .05; 85 minute test: t(13) = 0.32, p > .05). With
chance being 50 percent correct, the blindfolded participants, on average, correctly
judged the presence or absence of the light 47.3 percent of the time. This result suggests
that the blindfold was effective in blocking light.
At the conclusion of both testing sessions, each participant’s grating orientation
discrimination threshold was calculated. If a participant obtained a d' of exactly 1.35 for a
particular grating, that grating's groove width was recorded as their threshold. Most d’
scores, however, were not exactly 1.35, and linear interpolation was needed (see Van
Boven & Johnson, 1994) to determine the final threshold estimate.
The results of Experiment 1 are shown in Figure 3. A 2 (deprived group vs.
non-deprived group) x 2 (first measurement of tactile acuity vs. the second measurement)
factorial analysis of variance was conducted to assess the effects of the visual deprivation
period and measurement session. The statistical analysis showed that there was a
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Figure 3. Results of Experiment 1. The participants’ grating
orientation discrimination thresholds are plotted for the
two measurement sessions.
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significant main effect of the measurement session (first vs. second, F (1, 26) = 13.0, p =
0.001). The sighted group's thresholds decreased by 10.8 percent from the first to the
second measurement of their tactile acuity, while the corresponding decrease for the
blindfolded group was 11.4 percent. There was no significant difference, however,
between the grating orientation discrimination thresholds of the two groups of
participants (deprived vs. non-deprived, F (1, 26) = 0.01, p = 0.91). The measurement
session x deprivation group interaction was also not significant (F (1, 26) = 0.01, p =
0.92).
Discussion
Although Facchini and Aglioti (2003) concluded that it was the period of visual
deprivation that produced their participants’ enhanced tactile acuity, the current results do
not support this conclusion. When attempting to replicate and validate these past results,
enhancements (lower grating orientation discrimination thresholds) were indeed observed
after the period of deprivation for the deprived group. It is important to note, however,
that these improvements were not statistically different from those obtained in the control
(i.e., non-blindfolded) group. When the non-deprived group was tested after 90-minutes,
they also exhibited lower grating orientation discrimination thresholds.
Although these results are different from those of Facchini and Aglioti (2003), the
current findings are not completely surprising. As mentioned earlier, visually deprived
individuals do not always outperform controls on this task (Merabet et al., 2008). While
the current experiment used methods similar to Facchini and Aglioti (utilizing a 90
minute period of light deprivation), the current findings more closely resemble those of
Merabet and colleagues (who used a 5-day period of deprivation). In their study, both
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groups of participants (sighted and visually deprived) exhibited improvement from
session 1 to session 2.
Past research has shown that performance for many perceptual tasks improves
with experience. This phenomenon (known as perceptual learning) has been observed
during many tactile tasks (e.g., Gibson & Gibson 1955; James, James, Humphrey, &
Goodale, 2006; Norman, Clayton, Norman, & Crabtree, 2008). Sathian and Zangaladze
(1997) have even found tactile perceptual learning to transfer across fingers. The
improvements in tactile acuity found in both groups in the current experiment constitute
another example of perceptual learning.
When a more in-depth comparison is made between the current experiment and
the experiment of Facchini and Aglioti (2003), notable differences exist. First, their
participants were slightly older. Our participants ranged in age from 20 to 26 years, while
their participants ranged from 22 to 45 years of age. Though this difference is not large,
there is still much to learn about the moderating factors affecting performance for this
task, and prior studies have shown that increasing age can significantly influence tactile
acuity (e.g., Norman et al., 2006; Norman, Kappers, et al., 2011; Tremblay et al., 2003).
Second, the number of trials was doubled in each block of the current experiment when
compared to the number of trials per block in the study of Facchini and Aglioti. Finally,
in our experiment, testing was halted when each participant’s discrimination performance
dropped below a d’ value of 1.35 (the same stopping rule as used by the developers of
this methodology, see Van Boven & Johnson, 1994). In their study, Facchini and Aglioti
modified the customary procedure and halted each participant’s testing when their
discrimination performance dropped below 75 percent correct. This modification would
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be acceptable if none of the participants of Facchini and Aglioti possessed significant
response biases. However, there is no indication in their results that this was the case.
Given that no information about response biases was provided in their published article, it
cannot be known with certainty that the reported findings of Facchini and Aglioti are
completely valid. The methodological differences described above might individually, or
in combination, account for some of the differences between the results of the current
study and those of Facchini and Aglioti (2003). It seems clear, however, that 90 minutes
of short-term visual deprivation is not sufficient to produce significant enhancements in
tactile spatial acuity.

18

Chapter 3
Experiment 2
Although the results of Experiment 1 demonstrated that short-term visual
deprivation does not lead to an enhancement of tactile spatial acuity, it is still possible
that visual deprivation enhances performance for other tactile tasks. For example, short
term deprivation has been shown to enhance Braille character discrimination (Kauffman
et al., 2002), two-dimensional shape identification (Weisser et al., 2005), and gap
detection (Weisser et al., 2005). It has not yet been determined whether similar visual
deprivation has any effect on haptic 3-dimensional (3-D) shape perception. In the
previous experiments (e.g., Weisser et al.), the two-dimensional stimuli were applied
passively (i.e., by the experimenter) to a participant’s finger; in the real world, however,
humans actively feel and manipulate objects. This active sense of touch is called haptics
(Revesz, 1950, pp. 92-94). The goal of Experiment 2 was to evaluate whether the haptic
discrimination of 3-D object shape is influenced by visual deprivation in a manner similar
to that obtained for the passive discrimination of 2-D shape.
Method
Participants
The participants were the same individuals (and assigned to the same groups) as
those that participated in Experiment 1.
Experimental Stimuli
The experimental stimuli consisted of two sets of eight natural objects (solid
copies of bell peppers, Capsicum annuum). These objects were made from liquid plastic
(Smooth-on, Inc.) and have been previously used within the laboratory (Norman,
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Norman, Clayton, Lianekhammy, & Zielke, 2004; Norman et al., 2006; Norman et al.,
2008). Though the two original studies (Norman et al., 2004; Norman et al., 2006) used
up to twelve differently shaped bell peppers, the current experiment used only eight of
the original twelve.
Each testing session consisted of four blocks of 24 trials (for a total of 96 trials)
and lasted approximately 60 minutes. Within each block, half of the trials were devoted
to the “same” object pairs (the two objects presented on those trials possessed the same
3-D shape), while the remaining trials were devoted to the “different” object pairs (the
two objects presented on those trials possessed different 3-D shapes). Figure 4 illustrates
all of the “different” pairs that were used: objects 1 and 3, objects 1 and 7, objects 2 and
11, objects 3 and 7, objects 3 and 8, and objects 5 and 12. These were previously found to
be the most ‘confusable’ pairs (e.g., participants frequently confuse object 1 with object
3, or object 7 with object 1; see Table 1 of Norman et al., 2004). These object pairs were
chosen in order to raise the difficulty of the task and thus lower the possibility of
obtaining ceiling effects. The orientation of each object, and the order of presentation of
the stimulus pairs were randomized within each block, and short breaks between the
blocks were allowed (but not required).
The deprived group of participants wore the same blindfold that was used in
Experiment 1, and they were not allowed to remove it between experiments. The
participants were again tested individually, and just as in the first experiment, no
participants received any type of feedback. All participants were once again permitted to
have their eyes open, even if blindfolded, although no participants were allowed to see
the experimental stimuli at any time.
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Figure 4. Photographs of the different object pairs used in Experiment 2.
From top left to bottom right are depicted objects 1 and 3, objects 1 and 7,
objects 2 and 11, objects 3 and 7, objects 3 and 8, and objects 5 and 12.
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Procedure
Experiment 2 followed immediately upon the conclusion of Experiment 1 in an
adjoining room. The layout of the room and tables was described to both groups as well
as a general overview of the procedure. The participants were seated behind a visual
occluder, eliminating the sight of the stimuli even to the participants that were allowed
normal vision. Before the start of the testing, all participants were instructed to reach both
hands below the table in front of them and behind a curtain (thus eliminating their hands
from their sight). Behind the curtain was a smaller table where the objects were placed by
the experimenter and where the participants rested their hands between trials. Before
beginning the experiment, a few practice trials were given to each participant using some
of the plastic bell peppers not incorporated in the current experiment.
The procedure of Experiment 2 was nearly identical to that of previously
published research (e.g., the Haptic-Haptic condition of Norman et al., 2008 and Norman
& Bartholomew, 2011). As mentioned above, each participant was asked to rest his or her
hands (spread apart) upon a smaller table behind a curtain. During each trial, the
experimenter would place a single object in between (but not touching) the participant's
hands. The objects were presented in new, random orientations each time so that even the
“same” objects felt different when initially touched. Each participant was given three
seconds to pick up and haptically explore the object with both hands and was told by the
experimenter when to “start” and “stop” their haptic exploration. The three seconds
began when the participant first touched the object, and after told to “stop”, the object
was then placed back upon the smaller table. The experimenter would then replace the
first object with the second object and wait for the conclusion of a 3-second interstimulus
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interval (ISI). At its conclusion, the participant would once again be told to “start” and
“stop” their haptic exploration of the second object (also for 3 seconds). The participants’
task was to judge whether the two haptically explored objects possessed the “same” or
“different” 3-D shape(s). Past results indicate that normally sighted individuals can
perform this discrimination at above chance levels (d’ = 2.114 for the haptic-haptic
condition of Norman et al., 2008), but whether this level of performance would improve
following a period of short-term visual deprivation is entirely unknown.
Results and Discussion
Analysis of the results showed no difference in 3-D shape discrimination
performance between the two groups of participants (t(26) = 0.01, p = .992, 2-tailed). The
sighted group had a mean d’ of 1.942, while the mean d’ of the blindfolded group was
1.941 (see Figure 5). The shape discrimination accuracy of the visually deprived group
was not different from that of the group that had not been visually deprived. Furthermore,
the performance of both groups was very similar to the performance exhibited by the
participants of Norman et al. (2008; current d’ was 1.94, while that obtained for the
haptic-haptic condition of the earlier study was 2.11).
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Figure 5. Results of Experiment 2. Shape discrimination
accuracies are plotted for the sighted and blindfolded participants.
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Chapter 8
General Discussion
Research with blind participants has suggested that the human brain is capable of
robust reorganization (e.g., Buchel, Price, Frackowiak, & Friston, 1998; Burton, 2003;
Cohen et al., 1997). Past experiments incorporating blind participants have shown they
possess heightened sensitivities not only on tactile tasks, but auditory and olfactory tasks
as well. Blind participants have outperformed sighted controls in odor discrimination,
odor identification, and odor categorization tasks (Cuevas, Plaza, Rombaux, De Volder,
& Renier, 2009). They have been found to localize sounds more accurately (Lessard,
Pare, Lepore, & Lassonde, 1998), and blind participants have outperformed sighted
controls in both an auditory pitch discrimination task and an auditory pitch-timbre
categorization task (Wan, Wood, Reutens, & Wilson, 2010) to name a few examples.
While those experiments studied blind participants, the human brain may react to
visual deprivation in a much quicker way than previously thought. As previously
discussed, Weisser et al. (2005) found an increase in ability to tactically recognize 2-D
shapes and increased performance on a tactile gap detection task following 2 hours of
visual deprivation. Then in 2007, Lewald observed participants increasing their accuracy
of sound localization following a 90 minute period of visual deprivation.
In 2000, Boroojerdi et al.’s physiological study using transcranial magnetic
stimulation (TMS) gave insight into the physical changes occurring in the brain following
visual deprivation. After 45 minutes, visually deprived participants were already
experiencing a reduced phosphene threshold (the minimum TMS intensity needed to
evoke the perception of flashes or spots of light). As neurophysiological changes
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accompanying deprivation are occurring in the brain, how are our sensations and
perceptions affected? If enhancements in particular perceptual tasks are found in those
who were born blind or temporarily visually deprived, what is the time frame required for
these effects to be seen?
The current study investigated these questions in two separate experiments. As
previously discussed, the results of Experiment 1 (tactile grating orientation
discrimination) were different from those of Facchini and Aglioti (2003). Even so, they
do fit nicely into the larger overall context of perception research. Similar to the results of
the current Experiment 1, both groups of participants (deprived and non-deprived) in the
Merabet et al. (2008) study were able to detect smaller groove widths in their second
measurement session than in their initial baseline test. In 2011, Wong et al. failed to find
a significant improvement between their two testing sessions; they noted, however, that
their “participants tended to perform better in iteration 2 than iteration 1, suggestive of a
practice effect” (p. 2). In all of the three most recent studies, a significant improvement in
tactile acuity could not be attributed to the occurrence of visual deprivation as had been
previously reported by Facchini and Aglioti.
Within the field of perception, it is well known that experience can lead to
improvement for many simple sensory and perceptual tasks. This type of improvement is
called perceptual learning and has been documented for many perceptual tasks (e.g.,
Gibson & Gibson, 1955; James, James, Humphrey, & Goodale, 2006; Norman, Clayton,
Norman, & Crabtree, 2008). Current research has even recently found that an increase in
our sensitivities can come about from other skills we are already refining (i.e.,
skill-induced behavioral improvements). Professional pianists, for example, possess

26

two-point thresholds that are significantly correlated with their daily practice duration
(Ragert, Schmidt, Altenmuller, & Dinse, 2004), and in 1997, Sathian and Zangaladze
observed practice effects not only occurring across multiple sessions in their grating
orientation testing, but these effects (p. 123) also “transferred quite substantially between
fingers (of either hand)”. The results of the current Experiment 1 once again demonstrates
perceptual learning for a tactile task and is consistent with related findings from other
investigators.
In the second experiment (solid shape discrimination) in the current study, there
was again no difference found between the sighted and the visually deprived groups. Like
Experiment 1, both groups showed markedly similar performances, and the visually
deprived group did no better or worse than those who had remained sighted.
In the research of Weisser et al. (2005), they noted that the most robust
neurophysiological effects occurring from visual deprivation were seen at the
intermediate levels of the visual shape perception hierarchy. While areas V3A and vIPS
were noticeably affected by the period of deprivation, areas such as V1 and the lateral
occipital cortex (LOC) remained unchanged. This is particularly important given past
research we have concerning these brain regions. The LOC, in particular, has been known
to respond to object shape presented visually, as well as object shape presented haptically
(Amedi, Malach, Hendler, Peled, & Zohary, 2001; James, Humphrey, Gati, Menon, &
Goodale, 2002; Pietrini et al., 2004). James et al. (2002) have suggested that part of this
area (the middle occipital) may be responsible for our “common haptic and visual
representation of object shape” (p. 1713). The results of Experiment 2 may indicate that
certain cortical areas (e.g., the LOC) are not influenced by changes that occur in the other
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areas (V3A, vIPS) resulting from short-term visual deprivation.
While the current set of experiments did not find behavioral changes following a
brief period of visual deprivation, recent research by Norman and Bartholomew (2011)
did find significant differences between blind and sighted participants on the same two
tasks. In their experiment, sixteen blind participants (consisting of both congenitally blind
and those that became blinded later in life) were tested against 16 age and sex-matched
sighted adults. Following the same procedure for a single testing session from
Experiment 1 of the current study, blind participants possessed 30 percent lower grating
orientation thresholds than their sighted counterparts. Using the same stimuli and the
same testing procedures as Experiment 2 of the current study, Norman and
Bartholomew’s blind participants again demonstrated superior performance. While
enhancements were not seen following the current study's relatively short period of visual
deprivation (90 minutes), the overall results of the Norman and Bartholomew study
appear to suggest that there could be significant behavioral changes following a longer
period of visual deprivation.
While the results of the current experiments could be seen as anti-climactic
(because the participants’ tactile abilities were not heightened by the visual deprivation),
we did observe significant perceptual learning in Experiment 1: the participants’ grating
orientation discrimination thresholds became significantly lower during the second
measurement session. With respect to the haptic 3-D shape discrimination task, the
results are informative. While our current experiment did not find a difference between
sighted participants and participants that had been blindfolded temporarily, a separate
experiment (Norman & Bartholomew, 2011) using the same procedures and the same
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stimuli did find a significant difference between sighted and blind participants. Visual
deprivation does lead to enhanced haptic 3-D shape discrimination, but 1.5 to 2 hours of
deprivation is not sufficient to produce enhanced performance. The current results and
those of Wong et al. (2011) both indicate that the findings of Facchini and Aglioti are
probably invalid. It will be the task of future research to determine exactly how long a
period of visual deprivation must be to enhance tactile and haptic abilities.
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